M
ost Americans prefer to die at home, 1 -2 yet nearly half of all deaths in the United States occur in hospitals. 3 This incongruity suggests an opportunity for improvement in the quality of care delivered to patients at the end of life. Although rates of in-hospital death are declining, 4 the aforementioned discrepancy has prompted several investigations into which types of patients are actually dying in hospitals and the implications of wide variation in end of life outcomes on the quality and efficiency of end of life care. 5 In-hospital death varies by social and economic characteristics. Younger age, current marriage, lower socioeconomic status, and male gender have been associated with more frequent in-hospital death. 4,6 -7 Substantial ethnic differences have been reported in the probability that a death will occur in a hospital setting rather than at home, in a hospice, or in a nursing home. Specifically, non-white decedents are more likely than non-Hispanic white decedents to die in a hospital setting. 4,6 -10 Ethnic differences may result from differences in individual preferences, the communities in which ethnic minorities live, and health care systems with which they are associated. Older non-white persons have been reported to express preferences for more aggressive end-of-life care and to be less likely to use advance directive and do-not-resuscitate orders. 11 These preferences have been related to cultural beliefs, knowledge of care alternatives, 12 and experiences within the health care system, including a greater use of hospital-care settings, less continuity of care, and lack of trust of health care providers. [13] [14] Until recently, results from the Study to Understand Prognoses and Preferences for Outcomes and Risks of Treatments (SUPPORT) were the most conclusive in explaining variation in place of death. SUPPORT's findings suggested that the availability and propensity to use hospital beds was the most important predic-tor of in-hospital death. Additionally, the availability of alternatives to hospitals for end-of-life care, such as nursing homes and hospices was associated with rates of in-hospital death. 1 In 2007, Gruneir et al 4 conducted a multilevel examination of predictors of both inhospital and nursing home death using national vital statistics data linked to state and county data. This study reported that individuals who were white, older, and had more education were more likely to die as hospital inpatients, while controlling for area variables. While controlling for individual variables, the same study reported that the likelihood of hospital death was much higher in areas in which African Americans were highly concentrated, marginally higher in areas in which Hispanics were highly concentrated, and was also significantly associated with area measures of educational attainment and income.
Continued segregation in the places in which poor and minority populations live has spurred a growing literature that suggests contextual and health service area differences in patient engagement and provider resources, organization, and practice patterns may be important mediators of racial and ethnic differences in health care outcomes. [15] [16] [17] [18] [19] For example, structural variations in medical care systems are associated with the probability of death in a hospital setting, with excess hospital bed-supply, and greater representation of specialist rather than primary-care physicians in an area being associated with higher rates of in-hospital deaths, especially for those conditions that do not typically result in a terminal hospitalization. 1, 20 In this study, we seek to further investigate the association between individual and contextual measures of race and ethnicity and in-hospital death using data from a 3-year pool of death certificates for the state of California for the years 1999 to 2001. Although several studies have reported the correlates of in-hospital death using individual-level death certificates, 6 -7,21 our study contributes to the current literature by identifying the individual decedent within 2 different levels of geographic aggregation: the census block group, a small area of approximately 1000 persons, and the hospital service area, as defined by researchers at the Center for the Evaluative Clinical Sciences at the Dartmouth Medical School to describe hospital market areas from Medicare records. 20 
METHODS

Sources of Data
The primary data source was the California Death Statistical Master file for the years 1999 to 2001. There were 509,692 deaths of persons age 65 or older reported in the master files for these years. We used 472,382 cases for which all data were complete, excluding 34,310 cases (6.77%) for which information was incomplete on one or more variables. This file was geocoded by the State of California Department of Health Services by matching the residence address recorded on the death certificate to the address data base maintained by Geographic Data Technology, Inc. Using these geocodes and ARC GIS 9.2 geographic information system software, we link decedents to 3 levels of geographic aggregation for which data about community characteristics are available: census blocks, very small areas averaging less than 100 persons in residential population; census block groups, areas with approximately 1000 persons; and 229 hospital service areas defined by the Dartmouth CECS group. Boundary files and data about medical care resources for hospital service areas are taken from the database released with the 1999 Dartmouth Health Atlas of Healthcare. Additional data about population composition at the hospital service area are aggregated from Census Summary File 3 data for census block groups that were similarly associated with service areas using ARC GIS. Data about socioeconomic and other characteristics were linked from 2000 census summary files 1 and 3. 22, 23 Finally, to create a measure of the distance of each decedent's residence to the nearest hospital facility, we used addresses of hospitals in California and adjacent states listed in the AHA Hospital Guide (2003 edition) and geocoded these addresses using web-based Teleatlas geocoding service and then calculated distance between the longitude and latitude of the block centroid for each decedent to the geocoded physical address of hospitals listed in the guide.
Outcome Variable
The outcome measure is death as a hospital in-patient. Other categories reported on the California death certificate are pooled, including death at home, in a nursing home or other institution, death in transport, and death in some other setting.
Independent Variables and Covariates
The independent variables in this study were selected because they are commonly used in investigations of health services utilization 20 and are described below.
Ethnicity
Subjects were classified as Hispanic, white, African American, Asian, or all other, as reported on the death certificate. Each ethnic category other than Hispanic was restricted to non-Hispanic members of the group. We further subdivided Hispanics and Asians by nativity status (born in United States vs. immigrant).
Other Demographic Characteristics
We included measures of age (years), gender, marital status (currently married at time of death vs. all others), and years of schooling, as reported on the death certificate. Interval measures of age and schooling are categorized for descriptive analysis and used in interval form in multivariate regressions.
Underlying Cause of Death
In descriptive analyses, we examined the relationship between specific underlying causes of death at the level of the 3-digit ICD-10 code and in-hospital death. In multivariate models, analyses are adjusted for these selected causes of death.
Nursing Home Residence-Census Proxy
Nursing home residence may be expected to be associated with lower in-hospital death rates insofar as it is associated with a higher rate of do-not-resuscitate orders and advance directives opting against aggressive interventions to 
Distance to Hospital
We calculated the distance from the census block where the decedent lived at the time of death to a hospital facility listed in the AHA Hospital Guide (2003 edition). This was calculated using longitude latitude of the block centroid to the geocoded physical address of hospitals listed in the guide.
Composition of Census Block Group
We use census data at the level of the block groupareas of about 1000 persons and the smallest area for which census socioeconomic characteristics are reported-to measure the percent of the population living in households with income under the federal poverty level, the percent of the population that is non-white, and the percent of the population that changed residence within the past 5 years.
Hospital Service Area Medical Resource Environment
Research associated with the Dartmouth Atlas on Healthcare project identified 229 hospital service areas in California, including several that span boundaries with adjoining states. Market definitions follow patterns of hospital utilization in the Medicare population at the zip code level using Medicare claims data. The methodology is described in CECS 1999. 20 For hospital service areas, we include measures of hospital bed capacity per 1000 persons, physicians per 1000 persons, and the percentage of physicians who are family practitioners. All measures are taken from the 1999 Dartmouth Health Atlas database and pertain to the years 1995/1996. We also include measures of the percentage of hospital service area residents living in households with income under the poverty line, and percentage who are not non-Hispanic white.
Data Analysis
We report descriptive analyses of the percentage of persons in each ethnic group and in categories of each covariate who die as a hospital in-patient. Because these are population data with a large number of cases, 2 tests for all comparisons are significant with an ␣ level of 0.05 and are not reported. We also report the distribution of covariates for each ethnic/migration status group.
We then report a 3-level mixed logistic regression model for individuals nested within census block groups within Hospital Service Areas, with random effects for block group and hospital service areas. In estimating this model, we found that the minority and poverty composition measures for block groups and hospital service areas were correlated and apparently redundant. We dropped nonsignificant composition measures from the reported models. We considered interactions both within and between levels and with characteristics of individual decedents. We report and discuss interactions for individual characteristics only if the estimated difference is 5 percentage points or higher for a categorical contrast, or at the midpoints of the high and low quartile of an interval measure. Multivariate analyses are adjusted for selected causes of death.
Because almost all individual level variables are significantly associated with in-hospital site of death, we believe that the substantive size of effects is a more useful measure of the impact of each characteristic on the probability of an in-hospital site of death. We performed additional analyses calculating the predicted percentage point difference in inhospital death rate and report these in the text for selected variables. A final table shows progression of odds ratios relating ethnic group membership to in-hospital death given various sets of covariates, to identify key covariates that mediate the relationship of ethnicity and in-hospital death. Table 1 identifies relationships between individual characteristics and death as a hospital in-patient. Over 3 years, 38% of decedents in California died as a hospital inpatient. Among ethnic populations, death as an in-patient was most common for Asian (54%) and Hispanic immigrants (49%) and was least common for non-Hispanic whites (36%) and US-born Asians (41%). Death as an in-patient varies widely in relation to many characteristics reported in the table. Cause of death is most important, with 79% of persons who die of hemorrhagic stroke dying in hospital, compared with just 12% who are reported to die of Alzheimer disease. Older age and residence in a nursing home census block were both associated with sharply lower rates of death as an in-patient. The association with female gender, current marital status at time of death, and education was smaller, and there is some reason to suspect that even these effects are partially artifacts of composition: for example, women are more likely to die at older ages and to outlive their spouses. The majority of the education effect appears in the contrast between persons with very low schooling and others. The former group is composed primarily of immigrants and may reflect immigrant ethnic differences more than an effect of education per se. Table 2 identifies relationships between area characteristics and death as a hospital in-patient. There is also a strong association between area characteristics and in-patient deaths. Among the 133 hospital service areas in California with at least 1000 deaths reported in the study period, the percentage of these deaths that occurred in hospital ranged from 27 to 50. Persons who died in HSAs with a per capita hospital bed rate in the top quartile were 10 percentage points more like to die as a hospital in-patient compared with those in the least bedded quartile. The physician to population ratio was weakly associated with an in-hospital site of death, while the share of physicians who were family practitioners was associated with a lower probability of an in-hospital death. A higher poverty rate and representation of minorities was associated with a higher rate of in-hospital death at both the block group and the hospital service area level. Table 3 reports the characteristics of ethnic populations by ethnicity of decedent. Several important differences emerge that may contribute to ethnic differences in death as a hospital in-patient. Age differences at time of death are most important. Non-Hispanic whites are oldest, while USborn Hispanics are the youngest. In additional analyses (data not shown), the difference in age composition at time of death between groups is substantial: 39% of non-Hispanic white decedents are age 85 or older, compared with just 19% of US-born Hispanics and 23% of US-born Asians/Pacific Islanders. Just 9% of non-Hispanic whites are ages 65-69, compared with 16% of US-born Hispanics and African Americans. Among other characteristics, more than half of Asian/Pacific Islanders were married at time of death, com- *A census block group is an area of approximately 1000 persons and the smallest area for which census socioeconomic characteristics are reported.
RESULTS
Associations of Characteristics and In-Hospital Site of Death
Ethnic Differences in Personal and Area Characteristics
† A hospital service area is a local health care markets for hospital care and is an aggregation of zip codes whose residents receive most of their hospitalizations from the hospitals in that area. 20 
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Ethnic Differences in In-Hospital Death pared with just 31% of African Americans and 39% of whites. Whites were much more likely than other groups to be living in a census block with a nursing home. Whites live a greater average distance from a hospital than do members of the other larger ethnic populations-almost a full mile further than do Asian/Pacific Islanders. There are also sharp differences in the medical resource environments lived in by members of each ethnic group. Non-Hispanic whites lived in areas with the lowest rates of hospital beds per capita, and where a larger share of the physician workforce is family practitioners. By contrast, the per capita hospital bed rate is highest and the share of family practitioners is lowest for African Americans. Physician supply per capita is highest for Asian/Pacific Islanders regardless of nativity status and lowest for Hispanics. As expected, there are also differences in the area poverty rate and in ethnic composition between ethnic groups. Non-Hispanic whites live in areas with the lowest poverty rate and minority concentration, while African Americans live in areas with the highest poverty and largest non-white population share. Ethnic contrasts on these variables are similar when considered at the block group or hospital service area level. Table 4 reports odds ratios and confidence intervals from a multivariate mixed logistic regression model predicting in-hospital site of death. A few variables emerge as significant predictors of an in-hospital site of death. Age and nursing home residence are most important. A significant interaction term indicates that female gender is not independently associated with hospital site of death at ages between 65 and 70, but that by about age 90, women are somewhat less likely to die in hospital (Ϫ7 percentage points) (data not shown). Effects of marital status, education, and distance 
Multivariate Correlates of In-Hospital Site of Death
Lackan et al
from a hospital facility, while statistically significant given a large population, are also substantively small, accounting each case for differentials of 3 percentage points or less. The medical care supply variables as a group have an independent impact on in-hospital site of death. The share of physicians who are family practitioners is negatively associated with in-hospital site of death. These medical care supply variables are inversely correlated with one another and as such divide up some of the larger gross differentials reported in Table 2 for each variable. Hospital service areas with large minority populations are also associated with elevated inhospital death rates.
Ethnic group differentials are substantially smaller when adjusting for differences in characteristics compared with the unadjusted model. The difference between US-born Asian/Pacific Islanders and non-Hispanic whites is entirely accounted for by the model adjustment, and the difference between US-born Hispanics and whites is sharply reduced. Residual differences to non-Hispanic whites remain larger for immigrant groups. With adjustment for covariates African Americans and whites are equally likely to die in a hospital at age 65. Differences emerge at older ages, and by age 91, African Americans are more likely to die as a hospital inpatient, with a residual effect of about 7 percentage points (data not shown). Table 5 provides further information about the impact of individual and area covariates on ethnic differentials in in-hospital site of death. It tracks changes in the direct effect of ethnicity/immigrant status on odds of in-hospital death given adjustment for additional covariates. The first column shows the unadjusted difference in-hospital death rate comparing members of each group to non-Hispanic whites. The second model adjusts for individual-level covariates, which account for more than half the differential from whites for US-born Asians, Hispanics, and Others. However, personal characteristics do not seem to contribute to the explanation of differences between African Americans and whites. By contrast, the third model illustrates that medical care supply variables appear to explain the largest share of African American-white differentials. Differences in local area medical care supply further reduce ethnic differentials for other non-white groups, as shown in the fourth model.
DISCUSSION
Among decedents aged 65 and older in California, ethnicity seems to be strongly associated with the probability of dying in a hospital when we examine the crude bivariate association. Immigrant Asians are 18 percentage points more likely to die in a hospital compared with non-Hispanic whites, and immigrant Hispanics are 13 percentage points more likely than whites to die in a hospital. However, ethnic differentials are substantially explained by other characteristics. For US-born Asians and Hispanics, and other groups, group differences in age, marital status, nursing home residence, and distance to a hospital substantially explain group differences from whites. For African Americans, medical supply variables, especially hospital bed capacity, are most important and account for the majority of difference from whites.
Medical resource supply variables are of considerable importance in accounting for ethnic differentials in the probability of dying in a hospital. This is not surprising given the sharp differences in the spatial distribution of different ethnic populations. For example, nearly one-quarter of African American decedents died in the Los Angeles hospital service area, compared with just 2.5% of white decedents. This hospital service area had among the highest hospital bed rates per capita in the state and the lowest representation of family practice physicians. In general, compared with whites, all minority groups except for the small other category lived and died in more centralized metropolitan settings where hospital bed supply was high, family practice physicians were relatively low, and distance to hospital was lower. Our findings suggest that a substantial fraction of the increased death in a hospital setting among minority groups was attributable to this difference in the medical care resource environment.
Our findings demonstrate that despite the relatively small influence of contextual variables on in-hospital death when compared with medical resource supply variables, contextual characteristics are still an important factor in investigating ethnic differentials in in-hospital death. Recent studies suggest that poor and minority neighborhoods may lack the physical and social resources to support the diverse infrastructure needs of the health care system, including formal services for palliative care and residential care facilities. 17 Without alter- 24 Residual differences in in-hospital site of death were largest for immigrant populations. The reasons for this relationship are not clear. Studies have reported that immigrants have difficulty accessing the health care system. 25, 26 Lack of access may be associated with increased use of hospital-based end-of-life care insofar as it reflects a lack of a relationship with a physician to redirect to alternatives for hospital care for conditions for which hospital-based interventions will predictably end in failure and/or delayed presentation at a hospital care setting for terminal conditions. However, 2 points tend to contradict this explanation. First, as we have already remarked, socioeconomic markers that are likely correlated with lack of access to care are essentially unassociated with death in an in-hospital setting. Second, the Asian immigrant population in California experiences the highest residual differential from non-Hispanic whites; this group is overwhelmingly comprised of legal residents, economically stable, and enrolled in Medicare at a high rate. 27 Cultural differences in end-of-life preferences may also account for these differences. Studies of Asians of Japanese, Chinese, and Korean descent report that members of these groups are less likely to complete advanced directives 28, 29 or use hospice services 30 when compared with non-Hispanic whites. These trends may result in higher use of end of life hospital care; and therefore, increase the likelihood of in-hospital death. It is interesting to note in this regard that if cultural differences in preferences do drive the reported relationships, there is little evidence that culturally-distinctive preferences are passed on to native-born coethnics, as has been described for Japanese Americans. 28 Future investigations of ethnic differentials in end-oflife care for Hispanics and Asians should be sensitive to the importance of nativity status.
LIMITATIONS
This study has several limitations. First, we only included data on residents dying in the state of California. Inference to other populations is uncertain. This may especially be a concern with respect to the African American population, which is smaller, less segregated, and less disadvantaged than African Americans elsewhere in the United States and especially in the south and inner cities in the northeast. Second, the data reflect death certificate reports. Underlying cause of death as coded on the death certificate has been reported to be inaccurate particularly for decedents at the oldest ages that experience failures across multiple organ systems. Cause-of-death as reported may be partly dependent on hospital site of death, either because it reflects a hospital acquired condition such as an infection or surgical misadventure, or because a hospital-site of death implies more intensive diagnostic effort, affecting the condition reported. Ethnic differences in inaccurate reports of age at the oldest ages may contribute to an apparent pattern of higher in-hospital death rates at later ages for members of minority populations. Third, data about medical resources pertain to a period 4 years before the beginning of the study period. For this reason, the impact of medical supply variables may be understated relative to what would be found if these data were more current. Fourth, this study did not include information on characteristics of health care providers.
CONCLUSIONS
There are sizeable ethnic differentials in the probability that a death will occur in a hospital in California. These differences are substantially mediated by sociodemographic characteristics of the decedent and medical care supply in the local area in which the death occurs. Efforts to lower inhospital death and reduce ethnic differences should focus on medical resource supply and cultural preferences. Ultimately, study findings may have implications for reducing racial and ethnic disparities in the incongruity between patient preferences for end of life care and the care they actually receive. One implication of these findings is that variation exists in the efficiency and quality of end of life care delivered to racial and ethnic minorities.
